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[57] ABSTRACT

An oil seal assembly includes an oil seal having a lip
contacting the outer peripheral surface of a reciprocat-
ing shaft, a holder for holding the oil seal about the
shaft, and an annular spring for urging the lip against
the outer peripheral surface of the shaft. The lip has a
flat surface which is inclined with respect to the outer
peripheral surface of the shaft. When the oil seal is
mounted on the shaft, the flat surface is brought into
surface contact with the outer peripheral surface of the
shaft by an urging force applied by the spring.

4 Claims, 2 Drawing Sheets
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1
OIL SEAL ASSEMBLY

‘This application is a continuation, of application Ser.
No. 07,167,099, filed Mar. 11, 1988.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an oil seal assembly suitable
for sealing a reciprocating shaft.

2. Description of the Prior Art

As seen in compressors or Stirling engines, the her-
metic seal about a rod connecting a driving source with
a piston which forms a compression chamber is vital in
terms of raising the compression ratio and minimizing
leakage of the working gas.

The conventional oil seal assembly includes an annu-
lar o1l seal the inner peripheral portion of which has a
radially inwardly projecting lip of a generally triangular
cross section. The lip is kept in pressured contact with
a reciprocating shaft by an annular spring disposed at its
back. High-pressure gas from a compression chamber is
prevented from leaking by the lip and an oil confined
within the oil seal. A cutting operation is used to form
the lip and to provide the oil seal with a predetermined
inner diameter. However, the cutting operation pro-
vides neither a stable position for the lip nor a stable
inner diameter. There is also an offset between the line
along which the urging force of the spring acts and the

tip of the lip, thus detracting from oil sealing perfor-
mance.

SUMMARY OF THE INVENTION

Accordingly, an object of the invention is to provide
an oil seal assembly which solves the aforementioned
problems in order to improve sealing capability.

According to the present invention, the foregoing
object 1s attained by providing an oil seal assembly
compnsing an oil seal having a lip contacting an outer
peripheral surface of a reciprocating shaft, a holder for
holding the oil seal about the shaft, and an annular
spring for urging the lip against the outer peripheral
surface of the shaft, the lip having a flat surface which
1s inclined with respect to the outer peripheral surface
of the shaft, wherein when the oil seal is mounted on the
shaft, the flat surface is brought into surface contact
with the outer peripheral surface of the shaft by an
urging force applied by the spring.

In a preferred embodiment of the invention, a space
defined on a radially outer side of the lip is filled with
~oil. Furthermore, one edge of the flat surface of the lip
1s situated on a plane in which the annular spring lies
and which passes through the center of the annular
spring.

Following cutting machining that forms an inclined
surface indicated by an angle 81, the lip portion is sub-
jJected to flattening machining to form the flat surface.
Fabrication of the lip is thereby facilitated since it is
unnecessary to perform cutting machining to produce a
point of intersection for the purpose of forming the lip.
~ When the flat surface of a lip is made parallel to the
outer peripheral surface of the shaft without being in-
clined, the edges of the flat surface are acted upon by
the urging force of the spring. At the time of use, there-
fore, riding up of the lip and the width of contact be-
tween the lip and the outer peripheral surface of the
shaft are reduced. However, use of the inclined flat
surface as in the present invention assures a sufficient
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width of contact between the lip and the outer circum-
ferential surface of the shaft, and a peak contact pres-
sure is reliably produced in one edge of the flat surface,
thereby enabling sealability to be improved.

Other features and advantages of the present inven-
tion will be apparent from the following description
taken in conjunction with the accompanying drawings,
in which like reference characters designate the same or
similar parts throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS |

FIG. 1 1s a partial sectional view of an example of the
prior art;

FIG. 2 1s a partial sectional view illustrating an exam-
ple of an oil seal used ‘in the oil seal assembly of the
present invention;

FIG. 3 1s a partial sectional view illustrating the oil

seal of FIG. 2 in use; and

FIG. 4 1s a graph illustrating the amount of oil con-
sumed in accordance with the prior art and the present
invention. |

FURTHER DESCRIPTION OF THE PRIOR ART

Before describing an embodiment of the present in-
vention in detail, let us refer to FIG. 1 for a more de-
tailed review of the art to which the present invention
appertains.

An example of a conventional reciprocating shaft seal
assembly will now be described with reference to FIG.
1.

A holder 3 made of metal and a retainer 4 are ar-
ranged between intermediate members 2, 2’ spaced
away from the inner periphery of a casing 1, and an oil
seal § is retained by the holder 3 and retainer 4. The oil
seal 5§, which s made of polytetrafluoroethylene
(PTFE), has an annular main body 6 the cross section of
which 1s of a generally inverted*U-shaped configura-
tion. The inward leg of main body 6 has a lip 7 of a
generally triangular cross section projecting radially
inward. The lip 7 contacts a reciprocating shaft 8 and
has an annular spring 9 disposed at its back to increase
the pressure at which the lip contacts the shaft. The
space between the legs of the main body 5 where the
spring 9 1s situated is filled with oil 10.

High-pressure gas from a compression chamber is
prevented from leaking toward the side of the driving
source by the lip 7 and o1l 10, and the scraping up of the
o1l 10 1s prevented by the lip 7.

As will apparent from FIG. 1, the inner face of the
inward leg of the main body 6 is cut to angles of 8y, 62
with respect to the outer periphery of the shaft 8 in
order to form the lip 7. This cutting machining not only
forms the lip 7 but also provides the oil seal 5§ with a
predetermined inner diameter d. However, the cutting
machining resuits in instability insofar as the position of
the lip 7 and the inner diameter d are concerned. In
addition, since there is an offset a between the line along
which the urging force of spring 9 acts in the radially
inward direction and the apex of the lip 77, oil sealabil-
ity is highly unstable.

Thus, the conventional oil seal assembly involves
problems in terms of the lip machining operation and
the sealability of the oil.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention is directed to solving the fore-
going problems and an embodiment thereof will now be
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described 1n detail with reference to FIGS. 2, 3 and 4.
Portions similar to those shown in FIG. 1 are desig-

nated by like reference characters.
- An oil seal assembly according to the invention in-
cludes a single oil seal 11 made of PTFE. The oil seal 11
has an annular main body 12 the cross section of which
~1s of a generally inverted U-shaped configuration. The
inner peripheral surface of the inward leg of main body
12 1s cut to have an inclination, indicated by angle 0,
with respect to the peripheral surface of the shaft 8. The
crest of the inclination is formed to have a flat surface
13 of dimension b serving as a lip. The main body 12 is
formed to have a step 14 below the flat surface 13. The
annular spring 9 is arranged on the back side of the flat
surface 13 and step 14. It is arranged so that a plane in
which the spring 9 lies and which passes through the
center of the spring 9 (namely a plane in the direction in
which the urging force of the spring acts) passes
through one edge 1S of the flat surface 13. As a result,
peak contact pressure is produced at the edge 15 be-
tween the reciprocating shaft 8 and the flat surface 13
contacting the shaft, thereby enhancing the sealing
effect.

Before the oil seal 11 is mounted on the shaft, as

shown in FIG. 2, the flat surface 13 has an inclination of
angle @3 with respect to the outer peripheral surface of

the shaft 8. It 1s assumed here that the angle of inclina-
tion @3 ranges from 1°30’ to 3° C.

When the o1l seal 11 with the lip having the flat sur-
face 13 of inclination angle 63 is mounted on the shaft 8,
the flat surface 13 comes into surface contact with the
outer peripheral surface of the shaft 8, as shown in FIG.
3, and the edges of the flat surface do not ride up the
shaft. In the region where the flat surface 13 contacts
the outer peripheral surface of the shaft 8, the one edge
15 of the flat surface 13 is acted upon by the urging
force of the spring 9 and exhibits peak contact pressure.
This serves to improve the sealing effect.

FIG. 4 illustrates the results of a comparison test, in
which the amount of oil leakage was measured, under
conditions where the reciprocating stroke of the shaft 8
was 5.5 mm, the number of reciprocations was 1300
times per minute and the temperature of the oil 10 was
80°%=2° C. In the illustrated embodiment, use was made
of an oil seal in which the angle of inclination 63 ranged
from 1°30’ to 3° C. and the width b of the flat surface 13
was | mm. FIG. 4 demonstrates that the amount of oil
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leakage in the embodiment of the present invention is
much less than that in the prior art. |

In the oil seal assembly of the present invention, th
flat surface is brought into surface contact with the
outer peripheral surface of the reciprocating shaft and
peak contact pressure is exhibited at an edge portion of
the flat surface. As a result, the sealing effect is im-
proved.

Furthermore, the machining of the inclined flat sur-
face raises dimensional precision at the time of the cut-
ting machining operation without producing burrs.

As many apparently widely different embodiments of
the present invention can be made without departing
from the spirit and scope thereof, it is to be understood
that the invention is not limited to the specific embodi-
ments thereof except as defined in the appended claims.

What we claim is:

1. An oil seal assembly comprising:

an oil seal having a lip for contacting an outer periph-

eral surface of a reciprocating shaft;

a holder for holding said oil seal about the shaft; and

an annular spring for urging the lip against said outer

peripheral surface of the shaft;

said lip including first and second flat surfaces in-

clined with respect to said outer peripheral surface
of the shaft, said first flat surface having a first
angle of inclination greater than a second angle of
inclination of said second flat surface in the absence
of contact between said second flat surface and said
peripheral surface, said second angle of inclination
having a value substantially within a range of 1°30’
to 3° C. such that when said oil seal is mounted on
the shatft, said second flat surface provides a sealing
surface having a substantially constant width, said
second flat surface being brought into surface
contact with said outer peripheral surface of the
shaft by an urging force applied by said annular
spring, said second flat surface being formed along
an entire circumferential inner surface of said lip.

2. The oil seal assembly according to claim 1, wherein
a space 1s defined on a radially outer side of said lip, said
space being filled with oil.

3. The o1l seal assembly according to claim 2, wherein
one edge of said second flat surface of said lip is situated
on a plane 1n which said annular spring lies and which
passes through the center of said annular spring.

4. The oil seal assembly according to claim 1, wherein
the oil seal 1s comprised of PTFE.
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